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SUMMARY

This paper considers the scattering of gas in the general theory
of relativity, when the gas velocity is quite near the speed of light.
Interest in this problem is aroused in connection with the observations
of supernovae and explosions of nuclei of galaxies. A relatively simple
method is proposed for the clarification of entire motion pattern.
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The problenm described offers also an independent interest as an
example of statement of the Cauchy problem for Einstein equationms.

The scattering of ultrarelativistic gas in the special theory of
relativity was considered in the works by Landau [1], Khalatnikov. [2],
Stanyukovieh [3] and others in connection with the problem of multiple par-
ticle formation at collisions of superfast nucleons. For the application of
methods developed by the indicated authors it is necessary to write the equa-
tions of motion bf the gas in the general theory of relativity, similar in
form to equations of the special theory of relativity. The latter is attained
by the selection of the centrally-symmetrical interval

ds? = e"dtz r"dQ.2 — erdr (1)
and by writing the equations of motion and continuity in the form [3,d4]:
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Here v is the specific volume, w =v(p+¢) is the heat content per unit of
mass, a is the root-mean-square velocity measured by its proper time;

02 =1 — a; A=exp [ (ANe=v)/2]); we assume the flow to be isentropic,
that is, © = const. We postulate ¢=1 in the expressions (1) and (2); at
the same time, & is dimensionless and the time T has the dimensionality
of the length.

The system (2) is complemented by the Einstein field equations

AV AN 4 (pted, AN 1 a V
& (r T'-)-_'T'“”"”f_ai' ; 6’(7——,—.)-{-7?:"(‘3“-%:”‘ &)
or
20k __ w(pte)ar
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For the ultrarelativistic velocity, when
1—a=2) A<y,

and the egquation of state p = (k—1)¢ (subsequently it is postulated k= "'/3
for formula contraction, although other values of k do not complicate the
solution), we shall have a significantly simpler initial system. The initial
distribution of pressure and velocity (the Cauchy problem) is also appro-
priate to be chosen simplified, as this is done, for example, at automodel
investigation of a common gas [5]. . '

We shall assume that at the initial moment of time (7 = 0) there
is a gas sphere of radius R and constant pressure pyy in which a constant
velocity Ao’ directed from the centery, is given. Since the free gravitatiomal
field is absent at centrally-symmetrical motion, the given distribution of
matter determines also the metric at the initial moment of time

to r
. {'l=_l-‘ll l_“_(. mo. Y o, e P
R Al 9 -~ Toyre* - C. (5)

Here x is the Einstein constanty C is the integration constant determined
from the condition that at the initial moment of time r =R, A+ v=0.,, as
this follows from the Schwargshield metric, At the same time, it follows
from (5) )

e—"=1-—%’%:1. e"=(1—’—‘l’°ﬁ)ae”‘, - (6)
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Upon a series of transformations the ultrarelativistic approxi-
mation allows to obtain from the systems (2) and (3) the equations

e 2s R !
(7
A"’"’+""’ p(A%';-{—%pT), $=1nA 4+ A !

The systen obtained :Ls practical in that the unknown v enters in
only A=exp[ (A~ v)/2] and the elimination of v allows to find the
solution of part of fhe equations, without resorting to those not written
in (7).

The elimination of A is obtained by transition to new independent
variables p and r. At the same time, the first equation of (7) has the
form s

A% b (8)
r

L [OA 4p 9 e
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For the first integrals of the equations (9) we have the expressions

Co=pr, Co=r(1—e*) —upr, Cro=pr, Cu=Acp-. (10)

Hence it may be seen directly that at scattering of the ultrarelati-
vistic gas in the gravitational field the pressure p drops by r"', that is,
Jjust 1like in the specipl theory of relativity. The solutions for A and A
satisfying the ashove-given initisl conditions, are found with the aid of (10)
by the standard method *

”, . 1—b(p/Po):/' re P 1y 7 ®Po .
o4 p{P\"a = A, (12 PO (P == (1
e =1 b(po) m A A°[i—b(p/po)"*r=]<1’o) v b=, (h

® When obtaining (11), ‘x.prz', which is small by comparison with the terms
containing b, was dropped.
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Therefore, at gas scattering the metric approaches the Euclidean as
(p/ p°)3'.{&. In case of absence of gravitational forces the velocity A would
rise as (p/ pe)”, as it follows from (11). Hence the quantity in brackets
determines the character of velocity deceleration in the gravitational field.

For the determination of v, we have from the first two equations of

the system (3) |
. ddp , o dp

Eliminating o / or and-arlab,vfrom (12) with the aid of the third
equation of (3) and of (8), we shall obtain

A %y _ .\ 8 dq  4p oy
dap op dp wpr (6r r a,_:)'

(13)

In the latter equation A and 8 have already been found. Detérmining
Vv = @)\ from (13) we shall find with the aid of (8) * = 7 (r, p). Such is
the solution scheme for the problem as first proposed in [6]. 4

Because of its cumbersomeness the solution of (13) in an analytical
form is not attainable, which compels us to find v and T by numerical in-
tegration.

However, there exists a comparatively simple method for ascertaining
the whole pattern of motion. Let us consider first of all the scattering of.
ultrarelativistic gas in the outer Schwargshield field. Such a problem des-
cribes the scattering of the relativistic star's shell after emergence on
the surface of the shock wave moving from the center. Compared to the mass
of the remnant star M, the mass of the scattering gas is neglectingly small.
That is why the gas gas flows in the outer Schwarsshild field created by
the star

er=e"= (4 —rg/r), re=2kM/c2 (14)
If at T = 0 the gas pressure in a shell of radius R were p, and the ve-
locity A,, we would have for the velocity (rate) of subsequent scattering
at * >R from the equation (10) with the help of (14):

A=tofi=ren ) (2)" (15)
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and it follows from (8) for the time T at A = (1 —rs/ r)-l

_;- _!_'Ia -r—r. .
=r[=(3) ].+'g_.l"[r(p/m‘/‘f——§]'_ - a6)
When »r g approaches gero, it follows from (15) and (16) the well
known result for gas scattering in the special theory of relativity
-— ’L l/‘" PA__ r—;T’.
A—A_"(‘n)' ( )—( )

wl =5

Let us now turn back to the initial problem of gas sphere scattering
in proper gravitation field, Because the matter distribution inside the
sphere is manifest on the metrisc outside it only integrally, we shall esti-
mate, in accord with (10) that at 7 >R, (p/p) ~ (R/r)% at the same time, fo
the velocity (11) we shall have |

A=l (&) (a7)

which coincides with (15). Hence it follows that the ultrarelavistic scatter-
ing of an initially uniform gas sphere of radius R at r >R proceeds just
as effectively as at gas flow in the outer Schwarsshild field with a gravi-
tational radius rg=r;" = upoR’/3A;; at the same time e = (1—rg"/r).

sssx THE END s*ss
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